
Module 2: Transformations and Scene Creation 
 

Linear Algebra Review Sheet Solutions 
 

1. Let .a  Compute the following: ( ) ( ) ( 4,2,3,0,4,1,3,2,1 −=−== cb )
a.  14941332211 =++=×+×+×=• aa
b. 14321 2222 =++=a  
c.  70810342)1(1 =++−=×+×+−×=• ba
d.  708130241)1( =++−=×+×+×−=• ab
 

e.  
( )

18432221)4,2,2()3,2,1(
)4,2,3()0,4,1()3,2,1()(

=×+×+×=•=
−+−•=+• cba

 
f.  1812437)4,2,3()3,2,1(7 =+−+=−•+=•+• caba

 
2. Find 2  where u  )(5 wvu ++ ).2,2,2(),0,1,3(),2,7,1( −−=−=−= wv
 
Answer: 

( )
).14,19,7()2,1,1(5)4,14,2(
)2,2,2()0,1,3(5)2,7,1(2)(52

−=−+−=
−−+−+−=++ wvu

 

 

3. Construct the vector with unit length given by 
v
v , where v  ).3,4,2( −=

Answer: 

( ) .
29
3,

29
4,

29
23,4,2

29
1

299164








 −=−=

=++=

v
v

v
 

 
4. Calculate u  where  ),( wv +⋅ ).4,1,1(),2,0,3(),2,2,1( −−=−−== wvu
 
Answer: 

( ) .2424)2,1,4()2,2,1()4,1,1()2,0,3()2,2,1()( −=+−−=−−⋅=−−+−−⋅=+⋅ wvu
 

5. Find the angle between the vectors a  and b . ( )1,2,2 −= ( )2,4,5 −=
 
Answer: 

  .900
389

2810cos =⇒=−−=•= θθ
ba
ba  
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6. Find two unit vectors orthogonal to both (  and ( ) . )2
1,1,1 1,0,2

 
Answer: We need ,0)1,0,2(,0),1,1( 2

1 =•=• uu and the same for a vector v. 
Working with vector u, .u  So u0=2,0 3132

1
21 +=++ uuuu 2=0. Choose 

).1,0,( 2
1−=),2,0,1( −= vu   Now normalise to get 

  

( )

).
5

2,0,
5

2
2
1(1,0,

2
11

),
5

2,0,
5

1(2,0,1
5

1

2
5

×−=





−=

−=−=

v
v

u
u

 

 
 
7. Find the projection of w onto v, where , as well as the 

associated orthogonal vector u. 
)0,0,3(),1,3,2( == vw

 
Answer:  

)1,3,0()0,0,2()1,3,2(

).0,0,2()0,0,3(
3
2

3
2

9
)0,0,3()1,3,2(

3,14194

=−=
⋅
⋅−=

===

=⋅=
⋅
⋅=

==++=

v
vv
vwwuvectororthogonalassociated

vprojection

vv
vwv

vw

α

α

 

 
8. What is the vector that is perpendicular to both u  and  

Use the cross-product operator. 
)3,2,1(= ?)2,4,1( −−=v

 
Answer: 

  ).6,1,16(,616
241

321 −−=×+−−=
−−

vukji
kji

 

 
9. What is the area of the parallelogram with sides u and v for  and 

 You need to compute 
)3,2,1(=u

?)2,4,1( −−=v vu × . 
 
Answer: 

117.172936116)6,1,16( 222 ≈=++=−−=×vu  
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10. For  and v , what value of a is required for u and v to be 

perpendicular? 
)0,2,1(=u )1,,3( a=

 
Answer: 

  .
2
323023)1,,3()0,2,1( −=⇒−=⇒=+=⋅=⋅ aaaavu  

 
11. Calculate the unit normal to the plane given by   .5432 =+− zyx
 
Answer: 








 −=

=++=−=

29
4,

29
3,

29
2

291694),4,3,2(

normalunit

nnnormal
 

 
 
12. Find the normal to the plane that passes through the  points 

 Hint: find the cross-product 
 

( ) ( ) ( .1,1,1,2,1,3,1,2,1 −−=−−== CBA
).()( ACAB −×−

)

 
Answer: 

  

).12()8()9(
230

134)()(

)2,3,0()11,21,11(
)1,3,4()12,21,13(

kji
kji

ACAB

AC
AB

+−=
−−

−−=−×−

−−=−−−−−=−
−−=−−−−−=−

 

So any non-zero scalar multiple of the vector (9, -8, 12) is perpendicular to this 
plane. 
 
 
13. Find the equation of the plane in the preceding question.  Hint: use the equation 

 where  and P0)( 0 =−• PPn ( zyxP ,,= ) 0 is one of the specified points. 
Answer: 

   

( )
( )

51289
121691289

)1(12)2(8)1(9
1,2,1)12,8,9(
)1,2,1(),,()12,8,9()( 00

−+−=
−+−+−=

−×+−×−−×=
−−−•−=

=−•−=−•

zyx
zyx

zyx
zyx

APwithzyxPPn

so the equation of the plane is 9 . 5128 =+− zyx
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14. Two planes are parallel if their normal vectors are parallel. If they are not parallel, 

they meet in a straight line and the angle between them is the acute angle between 
their normal vectors. If the two normal vectors are orthogonal, the planes are 
perpendicular. Are the following planes parallel, perpendicular or neither? If 

neither, compute the angle between them (using 
21

21

nn
nn •

=θcos ). 

 
a.  22,3 =−−=++ zyxzyx
 
Answer:  

   
.0112

)()1,1,2(),1,1,1(

21

21

larperpendicuaretheysonn
parallelnotaretheysonn

=−−=•
−−==

 
b. . 2232,42 =−−=−+ zyxzyx
 
Answer: 

  

.7.72
102
3cos

102
3

176
3cos

)(3234
)()2,3,2(),1,1,2(

1

21

21

21

21

o≈






=

==
•

=

=+−=•
−−=−=

−θ

θ
nn
nn

larperpendicunotnn
parallelnotnn

 

 
 
15. Calculate the following matrix products: 
 
Answer: 

 



















−
−

−

=



















−
−

−



















−

















−
−=
















−

−
















−

1111
3221
3331

4724

1111
4312
2110

1211

1000
1100

1020
1003

)(

1103
10910
438

105
341

232

012
131
201

)(

b

a
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16. Which matrix ( ) is the inverse of  321 ,, MMM ?
410
031
102
















=M

 

.,,

25
4

25
2

25
1

25
1

25
8

25
4

25
3

25
1

25
12

3

25
6

25
2

25
1

25
1

25
8

25
4

25
3

25
1

25
12

2

25
6

25
1

25
1

25
1

25
4

25
4

25
3

50
1

25
12

1
















−
−

−
=

















−
−

−
=

















−
−

−
= MorMM  

 
Answer:  2M
 
17. Demonstrate that a rotation followed by a translation is not the same as a 

translation followed by a rotation, for the particular example given by a rotation 
of 30 degrees around the z-axis and a translation of 1, 2 and –1 in the x, y and z-
directions respectively. In other words, form the R and T matrices, and compute 
RT and TR. 

 
Answer: 

  





















−

−

=





















−
+

−−

=



















−
=



















 −

=

















 −

=

1000
1100

20
10

,

1000
1100

30
10

1000
1100

2010
1001

1000
0100
00
00

1000
0100
0030cos30sin
0030sin30cos

2
3

2
1

2
1

2
3

2
1

2
3

2
1

2
3

2
1

2
3

2
3

2
1

2
1

2
3

RTTR

T

R
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